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Recelltly it was proposed all f'lcct.roweak model hased 011 the ,"'UP)" {.J (!( I)N 
" 

gauge symmetry [1,2J. The leptons are treated democratically with thf' t.l1I"('(' gen

erations transforming CIS (3,0) but with one quark gcneration (it does 1I0t matter 

which olle) transforms differently from the other two. This cOllditioll arise hecause 

the model in order to be anomaly free must contain the same numher of triplet.s as 

antitriplets. Hence, the IIllmber 0 generations is rdated to the nUlllbcr of <i""rk colors. 

In Itef. [1] the first g('ncratioll is tile onc which trallsforms differcntly t.hall the 

second alld the third ones. On the other hand, in Ref. [2J it was til<' t.hird gcn('J"iltion 

which was treated differently. It was claimed that Ileut.ral ClrITCIlt.s could discrilllinate 

between both choices of representation contellt. [:3J. 

The GIM mechanism ill several :3-:3-1 modds was cOlIsidlT in HeL [,IJ. Ilcr(' WI' will 

turn back ~o  the problem of flavor changing neutral clI1'rcnts, ill partinllar \\'f' will show 

that the difference ill t.he choice of the quark represclltations is less illlport.illlt than 

it was thought at first sight. The 100ver bound for the mass of Z' was O\·'('J'('stilllat.ed 

in Ref. [I]. 

We will use the notation of Her. [IJ but our results arc trivially wriu'I'1l in the 

notation of Ref. [2]. "VI' also do IlOt. consider th~  lep(.oll sedor 11<'1"(' Iwcaus(' 111<'1'(' is 

no difference there. 

Let us start by written the quark representations: OIlC of tlw ~(,l1eratioll t 1",1 II sfor III 

as (3,0), with the second entry dClloting U(I)N chargcs, 

UI] 
(I)CJII, ~ d;[� 

and the other two as (3*, -1/3): 
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'. ' 

(2)
Qn = (:} Q3L = [::1 

The exotic quark J has charge 5/3 and ji, i = 1,2 have both charge -4/3. Eq. (]) 

denotes the first or the third generation. At this stage it does not matter. 

Denoting lI' == (tll,1l2,tl:dT and D' = (dI,d2 ,d3 )T t.he symmetry eigcnstates or 
charge 2/3 and -1/3 respectively, we can write the neutral currents with the extra 

neutral vector bosoll Z' in this hasis [.')] 

£ - g (0' 'TuU' + 0' IJ}.·U[!, )Z' + HZ',U - - 2cosOw LI L L RI R R .c. (,3)jJ. 

wit.h 

.·U __ 1 0 -h 2(:r:)/2 (4)} {, - 2,/3/'(.1) 0 
[ 

1 o 

_/'2~,.)/Jo 
and 

10 0]
)'u 2:r 

R = - vf:3h(x) 0 1 0 (.5)
(o 0 1 

where we have defilled h(:r) = (1 - ll.V)t and :r == sin20w.� 

In t1w rhargf' -1/3 sect.or Wf' have,� 

D I == ---.!!--(1J"TJ) D' + i), 'I}.-D D' )Z' + JI
Z ,f) 2 cos Ow I.' I, L HI R R II .C. (6) 

with 

.[1 o� 
1 0 -2(1 - 2x) (7)�Vp = - 2/1"h(x) 

o o _2(1:-2",) 

and 

10 0)
},.D _ 2x 

( 
(8)

R - /1"h(x) 0 1 0 

o 0 1 

In order to generate <jua,rk masses il, is necessary to introduce the following Higgs 

multiplets 

1]",(3,0), p",-,(3.1), \",-,(3,-1), (9) 

and a sextet (6,0) which is necessary ill order to give t.he leptons a 1I1i1SS [G], hut we 

will not consider it here because this sextet does not COli pie to the qlla rks. 

The Yukawa. cOllplillgS for the charged 2/:1 and -1;:3 sect.or are 

-£1" ==Qll,Gh~U:ll'l+C;lOJJ:,HP 

+Q;r,(Fj,J"'IRp· + FioD;,R,n + H.c., ( 10) 

with i = 1,2 and (l = 1,2,:3. 5'U(:Q indices have been suppressed alldl(,p" <!cllol,c' 

the respective antitriplets til· 
From Eq. (10) it. is stra.ightforward to write the mas!'; terlll 

(11)-(TIl = 1I,//~Lf'~I~{  !~H + PI)f):dY~~jJ)rm  + l1.c., 

where VT/' vp are the vacuum expecl.<d.ion vallie of the nelltral COmpOll<'ll\.S 01'11 awl (J 

respectively and with t.he Illatrices 

(;11 (;13](:'12Gil GJ"J]Gl2 
'U - .., ., 

['U = 

[ 
F12 ,> Fn ,> F23 1" , I = [ ~2d1" ':22/ I' '~23/'>  , (12) 

F131" F32 1" f'331" F13 /,· F32 /1> Fa.1!r 

where we have defined r == V 
p 
/l"I' Thf' mass matrices can be diagollillize<! by l1Iaking 

the biunitary trails formations 
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IT;, = vt [T/d fl;l = vIt UIl, (1:1) 

J)~, = \/fUL' Dk =vf DR, (14) 

where U = (u,c, tf and D = (d,s, b)T are the mass eigenstates if we assume that the 
i 

first generation is tile one which transform differ~lltlyor  U = (t,u,c)T, D = (fl,d,s)'!' 

if it the third generation which is treat.ed in a different. way. Both choices will differ 

in t.he parameterizat.ion of the' lIIatric('s in Eqs. (13) and (1.1). Here, we will choose 

the first alternativc. 

Using (1:1) and (H) in Eqs. (3) and (6) respectively we sce that 

(1;> )'l - \~~'tYF'lt, 'X - VJttYJ/ VJ/ = Y"h'· 

'"2 -l/1!t'tv2, 'if - vft"ifvf = ',f, ( 16) 

We sec t.hat t.he right handed neutral cllrrcnts are diagonal but not the left-handed 

(mes. 

Next, we want to consider sOllle constraints that arise from experimental data 

in tile ](0 - [\0, and DO - Do syst(·nls. Similar consideration could he ll1i1d(' in tl((' 

lJO - if' sysl.elll hut. we will not t.reat. this issue here. 

In part.icular, frolll Eqs. 0), (6), (15) and (16) we write the vertices ,~  "d awl 

ii)'11 c, 

(tiC = 9 [VLU-VV - ~,,2(T)(\!U-ll'U  + \,U"I.'V )]- ,- 4V3h(:r)ell' u" I,ue 2·' Leu "Lee 'ttttl'Lte Hcr"CLZ,1 + l1.e. 

( 17) 

and 

D(- 9 [FD-,,rf) 2(J ') ')(VD-V D V D- I - )]- ,". Z' II·"r/- A.!3/(.) ·1,d,,'Ldd- -~;1  '['ss Lsrl+ 'l,b,.IU,,/ Itl,') C/,.~,,+  J. 
• 1.;1. ell' 

( I~)  

!j 

Using the unitaril.y condit.ion for t.IJI' "1',lJ nlat.riccs we CillI r('writ.(, (17) and (I S) CIS 

(_ 9 (I 1 2II.' - + -h (.1'))Vu"",'U- , (19)4v3h.(x)cw /i1 2 u.. LuellC"'f
11 CI,Z,., 

and 

(.d = 9 (3 -D- (:W)4J3h(:rhr . - 4:r)\ILsdlfBrI,SI,,"dl,Z:, 

respectively. From (19) and (20) W(' obtain the effedive' Lagrangian 

2
(e!! _ (;F.M

~,,=2 - G.j2M~, 0~e[iil,)'I'('d2  (21 ) 

and 

(~!=2 = (,'F~f~ 2(i.j2M~,  0sd[SL )"'dL]2 (22) 

where we have defined 

, _(I + ~h2(:r))  ,rU.. iU
0"" - ---~- l Lu,," 1",,-' (2:J) 

and 

o = (:3 - 4~) VD-,,.D (21 )
,.d h(.1' ) trl" rid' 

Since we are interc:-;l,('d just to givc' all order of magnit.ude of til(' pC\ralllC't.('J's ill (21) 

and (22) we can c\.RSI1111C the vacuullI dominance in t.he intC'rtl)('dicd,e st.ates alld P< ~,\<. 

to obtain the D~- J)~  and Kl--K s Illass dif[e'rC'\Ices [10]. Defilling ~m/,  = 111/", -1/1/" 

and 6imD = mD? - //log We' ohtain 

~mD  = ~B J2 (;FM~ [I + }h
2
(:r) ,.'(1* ,,-V] 2 (2;»)

D De.I:) \12 I ( ') l,lIU l,lIe
7IlD 3 \)V.!oJ Z, ~  ;1 

and 

~mg  _ ~J] _,,2 GFM~ [3 -.4. ;1' ,.-/)*".'])]2 (2G), - 3 /" I, (' M) \ I 2 / ( ') I. d.. rid
111. Ii. . )v.!.i Z' 1.1 
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W(' will lise tI)(' "Bag cOllstallts" Of) [!J} and Ih, eqllalto one. The experimelltal vallie 

for these lIlass difference are [II] 

t1l1l/J < 1.:3 x 10- 10 MeV, t1111/\ = (3.522 ± 0.016) x 10- 12 MeV. (27) 

Using 11lK = /197.676 ± 0.030 MeV ilnd 1110 = 1864.1 ± 0.1 MeV and not considering 

the exp<'rimcntal elTor, sillC<' w(' a\'(' only interested in orders of magllitlld(', we obtain 

~11l/~  = 7.0 X 1Il- I:l • t1ml\' = 7.08 x 10- Pi (28)
l1l1J 111.1\" 

ASSUlJlillg that the cOlltributioll to the ~mD/nID  and L::.11I/dlill\' coming frolll t.he 2' 

exchallge i.e., (25) alld (26) Me less t.han the experimental values givell ill (2R) we 

obtaill 

Mz,> 4.16 X 10'1( vf~.:Yf..c) GeV, (29) 

and 

Mz, > 1.5 x 1O()(vL3:vE) GeV (:30) 

We have used IIJ ~ 200 MeV aIHI fh' ~ 161 MeV, x ~ 0.2325 and all ot.ll<'r vailles 

from Hd. [II}. We s<'(' frolll (~9) and (:W) that. it. is possihle t.o have a neutral boson 

Z' witll a lIlass of about. 1.5 C:eV if 

V/~:.~. \·1:" '" 10- 2, Vi~:  V~d  '" 10-3 
. (:11) 

On the ot.her halld, the charged CIIITent. wit.h the W± boson is written as DL i"l:/\·.\I(T/, 

wit.h til<' matrix V/\'i\1 is t.he Cabibbo-I\o\>ayashi-Maskawa l1Iatrix defined as 

J'('I\,H = VVtVu (12)L L' 

Hence, t.he val lies in (:31) I1II1St. be consist.cnt wit.h the condit.ion (32). In prillci'ple t.his 

is possible since we do not. know t.he vailles of the matrices l,yD. In til<' st.andard 

7 

model both matrices "'tV ilPIH'C1r only ill the cOlllbination givell in (:~~) ilnd fol' this 

reason it is a usual cOllvelltion to assume that V1d1 = vtt , that is, "f == 1. III the 

model of Refs. [1,2} this is not. the case as we can see frolll (17) alld (18). Ikllc(', 

both matrices survive ill differcllt places of the Lagrallgiilll a.lld it is too strollg to 

assume that Vf! == 1 [8]. ASSllTllillg l.'1' == 1 is not stable against radiative COlTect ions 

since all matrix elenl<'lIt.s evolve with energy accordillg with I.h<' renonnillizatioll '£!:l'Ollp 

equation [12]. Notin' the matric('s '/i~'D.  will appear in the Yukawa illt<·ract.iolls. 

We see from (29)(31) that it is 1I0t so import.ant, as wc could think at first sight, 

which quark generat.ion transforms differelltly from the ot 1(('1' two. III allY casc. the 

Z' mass could be less t.han 2 TeV. 
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